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Introduction. Being overweight and obesity are a growing prob-
lem and are often related to a lack of physical activity among 
younger people. This study aims to describe the prevalence of 
weight disorders in Belgian schoolchildren. Secondly, this study 
examines the association between physical activity, weight disor-
ders and the interest in food and sciences.
Methods. We examined 525 children aged between 8 and 18 years 
old, who attended the Brussels Food Fair or the Belgian Science 
Day in 2013. They completed a standardized questionnaire about 
lifestyle and physical activity. Their weight, height, blood pres-
sure and waist circumference were measured. The physical condi-
tion of participants was estimated using the Ruffier test.
Results. The average age of all participants was 11.2 years (95% 
CI: 8.7-13.7), the prevalence of being overweight and obesity was 
16.3% and 5.4%, respectively. For all participants in the repre-
sentative group the affiliation to a sports club was associated 
with a normal weight (P < 0.05). According to this study, the kind 
of transportation to school (foot/bike or car/bus) had no effect 
on their body mass index (BMI). Neither was there a significant 
relationship between the physical activity of the children and the 
result of their Ruffier test.
Conclusions. The prevalence of being overweight and obesity in 
children aged 8 to 18 years is alarming. Membership to a sports 
club was linked significantly to a normal weight and a lower prev-
alence of being overweight and obesity.
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Summary
Introduction
The prevalence of being overweight and obesity in 
children has increased worldwide and rapidly in recent 
years [1-4]. Despite all efforts from media and experts, 
the number of children with weight disorders is still in-
creasing. Obesity is officially registered - since 1998 - as 
a chronic disease [5].
The rising prevalence of being overweight and obesity 
is a major public health problem in most industrialized 
countries. The consequences in the short and long term 
place a heavy burden on our public health system. An 
increase of cardiovascular diseases, diabetes, hyperten-
sion, various cancers, sleep disorders, musculoskeletal 
and psychosocial problems is expected [1-4]. The World 
Health Organization (WHO) considers being overweight 
and obesity, and its consequences, as avoidable diseases 
and therefore prevention has become a priority for pub-
lic health [5]. A healthy diet and regular physical activ-
ity are the most important preventive measures recom-
mended by WHO.
The WHO European Childhood Obesity Surveillance 
Initiative (COSI) was set up as a response to the need for 
harmonized and comparable data on overweight/obesity 
among primary-school children. Countries participating 
in COSI routinely measured trends in overweight and 
obesity in primary school children (6-9 years). Twenty-
five countries participated, including Belgium [6]. Large 
between-country differences were found in the availabil-
ity of food. BMI levels increased in all countries com-
pared to the 2007 WHO levels.
The Health Behaviour in School-aged Children study 
(HBSC) is a collaborative cross-national study that ex-
amines the physical and mental health of young people 
aged 11, 13 and 15 years in 44 countries [7]. The find-
ings highlight important health inequalities and contrib-
ute to a better understanding of the social determinants 
of health and well-being among young people. 
A Belgian study shows that a lower educational level 
is associated with higher prevalence of indicators of an 
unhealthy lifestyle. The results are less straightforward 
for the relationship between socio-economic status and 
lifestyle behaviors [8].
Prevalence of weight disorders
The increase in the prevalence of being overweight and 
obesity in children is a global problem. The Interna-
tional Obesity Task Force (IOTF) reported a worldwide 
prevalence of 20% of overweight and obesity in children 
and adolescents in 2004  [9]. In the United States, the 
prevalence of obesity increased in children from 6.5% in 
the late Seventies up to 19% in 2003 [10]. In the United 
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Kingdom, the incidence of obesity among teenagers 
increased between 1995 and 2007 from 2.7% to 4.8% 
among boys, and from 4.7% to 6.1% among girls [11].
A 2012 study in seven European countries showed a 
prevalence for being overweight among schoolchildren 
between 19% in Norway, and 50% in Greece. Obesity 
was found in 4% in Norway, and 21% in Greece [12]. 
For Belgium overweightness was found in 21% and obe-
sity in 6%. The prevalence of being overweight and obe-
sity was higher in the countries where children watched 
more television and used their bike less, to go to school.
In Belgium, the National Health Interview Survey (HIS) 
is a good instrument to monitor the evolution of over-
weightness in the general Belgian population. The preva-
lence of overweightness was 8.9%, 11%, 18%, 18% and 
20% in 1997, 2001, 2004, 2008 and 2013, respectively. 
For obesity the prevalence was 4.4%, 4.3%, 6.0%, 5.0% 
and 7.1%, respectively [13].
Causes of weight disorders
Excess eating, a sedentary lifestyle and too little physi-
cal exercise, are a few of the main causes for overweight-
ness, resulting in an energy intake which is higher than 
the energy consumption of the human body [13].
A healthy lifestyle is important for everyone. This in-
cludes a healthy diet and regular physical exercise. The 
concept of “health-related physical activity” was intro-
duced in 1992 [14]. This concept refers to all movements 
of the body produced by striated muscles, which result 
in a significant increase in the energy consumption. It 
applies to all forms of physical activity, performed in 
leisure time, household activities, transfers and in the 
workplace.
Many studies have shown the beneficial effects of regular 
exercise on health. Even moderate physical activity such 
as gardening has a beneficial effect on health [15]. Also 
among adolescents physical activity showed health ben-
efits [16]. Every individual should do almost every day of 
the week for at least 30 minutes some (moderate) exer-
cise [17]. There is an international consensus that children 
and adolescents should have at least one hour of moder-
ate to intense physical activity every day. Moreover, they 
need adapted exercises at least three times per week to 
improve muscle strength and bone quality [15, 16].
The aim of this study is to describe the prevalence of 
weight disorders in Belgian children and to find associa-
tions between the (lack of) physical activity and these 
weight disorders.
Material and methods
Study population
This research was conducted at the Brussels Food Fair 
from the 5th to 20th of October 2013 and at the National 
Science Day on November 24th, 2013. A total of 525 
children were enrolled during these two occasions.
Three study groups were defined. The first study group 
was a representative sample of children between 8 and 
18 years of age. They were recruited during class vis-
its of schools who organized a trip to the Brussels Food 
Fair.
The second were children with special interest for food. 
They were recruited during the weekends among the 
children who visited the Brussels Food Fair with their 
parents.
The third were children with special interest in science, 
who were recruited during the National Science Day. 
During that yearly event, scientific institutes and univer-
sities demonstrate scientific experiments on different lo-
cations, to make children familiar with practical science. 
The accompanying parents received a brief explanation 
about the design of the study and the investigated param-
eters at both occasions. For the three groups the parents 
had to give their informed consent prior to participation.
The assignment to the different subgroups was made on 
the basis of their presence at one of the activities. The 
first group were school children from a general popula-
tion who did not chose to attend the food fair but their 
school organized the visit. This group was considered 
as the reference group. The children from the second 
group or at least their parents chose to visit the food fair. 
The children of the third group or their parents chose to 
visit the Science Day. The children themselves were not 
questioned about their interest in food or science.
Inclusion and exclusion criteria
The two inclusion criteria for this study were having an 
age between 8 and 18 years, and having an informed 
consent signed by one of the parents. The two exclusion 
criteria were pregnancy, or alcohol, drug or medication 
abuse reported by the participants.
Questionnaire
The study consisted in part of completing a standardized 
questionnaire, developed by the Netherlands Nutrition 
Centre, to identify the dietary habits of the participants 
(Appendix 1) [18]. This questionnaire was completed by 
the participants with (neutral) assistance of one of the 
researchers. The children were asked if they had some 
sweats or soft drinks the day before the fair, if they had 
breakfast, lunch and dinner, if they ate fruits, vegetables, 
meat and bread and if they drank milk. 
Physical examination
Weight, height, waist circumference, and blood pres-
sure were measured for all participants. For the meas-
urements we used a weighing scale (Seca Sensa 804), 
a measuring stick (Seca Body Meter 206), a measuring 
tape, a sphygmomanometer (Welch Allyn DS54) togeth-
er with a stethoscope (Littmann Classic II SE). 
After the examination, the children received a person-
alized advice, based on the answers they gave to the 
questionnaire, their eating habits, and body mass index 
(BMI). The determination of normal BMI values was 
based on the Flemish Growth curves of the Vrije Univer-
siteit Brussel [19]. On these curves, the calculated BMI 
values were plotted as a function of the sex and age of 
the children studied. If the BMI values were located on 
these curves in the gray area, above the P50, the diag-
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nosis of overweightness was made. BMI values above 
this gray zone corresponded to the category of obesity. 
The upper and lower limits of that gray zone correspond 
to respective BMI values of 25 and 30, at the age of 18 
years.
Diagnosis of weight disorders
Weight disorders are diagnosed from the age of 18 years 
by means of the BMI and waist circumference. Over-
weightness is diagnosed when having a BMI between 25 
and 30 kg/m², and obesity from 30 kg/m². This definition 
cannot be used for children [20-22].
The International Obesity Task Force has published in-
ternational BMI reference values in 2000, for children 
and adolescents [9]. These BMI-age charts are based on 
six major growth studies from the Netherlands, Brazil, 
The United Kingdom, Hong Kong, Singapore, and the 
United States.
In 2004, specific growth curves were published for Bel-
gian boys and girls aged 2 to 20 years of age. They are 
based on a representative cross-sectional study of 7920 
Flemish boys and 8176 Flemish girls [23].
These growth curves are also based on the calculation of 
the BMI for each age group, resulting in percentile lines. 
Overweightness is defined as having a BMI between the 
85th and 97th percentile, and obesity for having a BMI 
above percentile 97. These percentile lines for BMI are 
different for boys and girls. 
The definition of being overweight and obesity de-
scribed by the IOTF, and those used in the Flemish 
growth curves, are basically identical because they use 
both the same BMI cut-off values. They differ only in 
the reference values used, which are, for what the Flem-
ish growth curves are concerned, adapted to the Belgian 
population.
Ruffier test
The Ruffier test was used to evaluate the physical con-
dition of the participants  [24]. Participants were asked 
to make 30 knee bends in 45 seconds. Both heart rate 
and oxygen saturation in the blood were measured using 
a pulse oximeter (Meditech Fingertip Oximeter Oxyo) 
prior to exercise, right after and one minute, after the end 
of the effort. The Ruffier test was selected to measure the 
physical condition, because it takes only a few minutes, 
it is not expensive and it has a low chance for adverse 
events. 
The ‘degree of physical condition’ was estimated with 
the formula IR = (p0 + p1 + p2 - 200) / 10 with IR = Ruff-
ier Index, p0 = heart rate before exercise, p1 = heart rate 
just after the exercise and p2  =  heart rate one minute 
after exercise. For the interpretation of the Ruffier in-
dex (IR), we used the following values: IR < 0 = very 
good, 0  <  IR  <  5  =  good, 5  <  IR  <  10  =  moderate, 
10 < IR < 15 = poor, IR > 15 = very bad.
Approval ethical committee
For this study, the approval of the Ethics Committee of 
the University Hospital Brussels was obtained.
Statistical analyses
Statistical analyses were carried out using IBM® SPSS® 
Statistics 22. Patient data that were incomplete with re-
gard to weight and height, were excluded for the analy-
ses. Two by two tables were used to evaluate the rela-
tionship between two dichotomous variables, by means 
of a Chi-squared test. Two by three tables were used for 
three dichotomous variables. The Fisher’s exact test was 
used when at least one expected value was below five. 
The T-test was used to compare the means of two in-
dependent samples. ANOVA was used to compare the 
means of three independent samples. 
We also performed multivariable logistic regression to 
explore characteristics associated with overweight and 
obesity. The dependent variable compared participants 
with overweight or obesity with those with normal BMI. 
The logistic regression included age, sex, membership 
of a sports club, transportation to school and Ruffier test 
results as independent variables.
All study results were standardized for age and gender 
by means of a direct standardization. Comparisons were 
statistical significant for p-values below 0.05. 
Results
Demographics
The records of 522 participants were eligible for our 
analysis: 287 (55%) in the “representative group”, 194 
(37%) in the “food group” and 41 (8%) in the “sci-
ence group” (Tab. I). In all groups, there was an over-
representation of the girls, except in the science group 
where more boys than girls participated. The mean age 
of all participants was 11.2 years of age (95% CI = 8.7-
Tab. I. Baseline characteristics of the participants for the total study population and for the three study groups.
 
Total study 
population
Reference study 
group
Food 
study group
Science 
study group
Number 522 287 194 41
Girls (%) 301 (57,7%) 161 (56,1%) 123 (63,4%) 17 (41,5%)
Boys (%) 221 (42,3%) 126 (43,9%) 71 (36,6%) 24 (58,5%)
Mean age (SD) 11,2 (2,5) 10,7 (2) 12,1 (2,9) 10,2 (2,3)
Mean weight (SD) 41,5 (14) 40,9 (13,9) 43,6 (14,6) 36,4 (9,4)
Mean height (SD) 146,9 (13) 144,6 (12) 150,8 (13,9) 144,2 (11,7)
Mean BMI (SD) 18,6 (3,8) 18,9 (4) 18,5 (3,6) 17,1 (2,2)
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13.7), the mean weight 41.5 kg (95% CI = 27.5-55,5) 
and the mean BMI 18.6 kg/m² (95% CI = 14.8-22.4). 
The mean age differed significantly between the three 
groups, with a significant higher age for the food group 
(p(2) < 0.001). The mean weight and the mean height 
were also higher for the food group with p(2) 0.003 and 
0.005, respectively. The mean BMI differed also signifi-
cantly between the three groups with a significant lower 
BMI for the science group p(2) = 0.005). 
Prevalence of weight disorders
One third of the reference population has a weight disor-
der: 7% is underweight, 20% overweight and 8% obese 
(Tab. II). In the groups with special interest for food or 
science we found significantly less children with over-
weightness and obesity.
Influence of physical activity
About two thirds of all participants were member of a 
sports club (Tab. III). This was also the case in the refer-
ence group and subgroups. In the reference population, 
the membership to a sports club is associated with a nor-
mal weight, and children that are not member of a sports 
club have a higher risk for being overweight and obese. 
These associations however, were not observed in the 
food and sciences groups.
About one in two of the children went to school on foot 
or by bicycle (Tab. VI). Only in the food group we found 
Tab. II. Prevalence of weight disorder for the total study population and for the three study groups.
Total study 
population
(N = 522)
Reference study 
group
(N = 287) 
Food 
study group
(N = 194)
Science 
study group  
(N = 41)
p(2)-value
Underweight 9.8% 7.0% 13.4% 12,2% 0.057
Normal weight 68.6% 65.5% 72.2% 73,2% 0.24
Overweight 16.3% 19.9% 11.3% 14,6% 0.043
Obesity 5.4% 7.7% 3,1% 0.0% 0.026
Overweight + obesity 21.6% 27.5% 14,4% 14,6% 0.002
Tab. III. Prevalence of weight disorder according to membership to a sportsclub for the total study population and for the three study groups..
Member of sportsclub
Non-member of 
sportsclub
p-value
Total study population
Number (%) 339 (64.9%) 183 (35.1%) <0.001
Underweight 9.1% 11.5% 0.40
Normal weight 71.7% 62.3% 0.029
Overweight 15.3% 17.5% 0.52
Obesity 3.9% 8.7% 0.020
Overweight + obesity 19.2% 26.2% 0.062
Reference study group
Number (%) 178 (62.0%) 109 (38.0%) <0.001
Underweight 6.7% 6.4% 0.92
Normal weight 70.8% 58.7% 0.036
Overweight 18.6% 22.1% 0.47
Obesity 3.9% 12.8% 0.005
Overweight + obesity 22.5% 34.9% 0.022
Food study group
Number (%) 131 (67.5%) 63 (32.5%) <0.001
Underweight 10.7% 19.1% 0.11
Normal weight 73.3% 69.8% 0.62
Overweight 13.0% 7.9% 0.30
Obesity 3.0% 3.2% 0.96
Overweight + obesity 16.0% 11.1% 0.36
Science study group
Number (%) 29 (70.3%) 12 (29.7%) <0.001
Underweight 13.8% 8.3% 0.63
Normal weight 75.9% 66.7% 0.55
Overweight 10.3% 25.0% 0.23
Obesity 0.0% 0.0% -
Overweight + obesity 10.3% 25.0% 0.23
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a significant higher proportion of children going to 
school on foot or by bicycle. Taking the bus or going to 
school by car was not associated with weight disorders 
in the reference group. Only in the science group we 
found a significant association between going to school 
on foot or by bicycle, and a normal weight.
Physical condition
In the reference population, 60% had a good to moder-
ate physical condition, according to the Ruffier test (Tab. 
V). Although the figures in the food group seemed a lit-
tle better and in the science group a little worse, there 
was no significant difference between the groups, even 
not after dichotomizing the groups in good to moderate, 
and poor to bad (p = 0.41).
The results of the Ruffier test for the members of a 
sports club were not significantly better than for those 
who were not member of a sports club, with a good 
to moderate Ruffier test in 35% and 43%, respectively 
(p = 0.069). The Ruffier test was not better for those who 
went to school on foot or by bicycle, as compared to 
those who went to school by car or bus. Both groups 
showed good to moderate Ruffier test results in 38% and 
37%, respectively (p = 0.73).
A logistic regression associated weight disorders with 
older age and a poor Ruffier test in the reference group. 
It could not determine an association in the other study 
groups (Tab. VI).
Tab. IV. Prevalence of weight disorder according to transportation to school for the total study population and for the three study groups.
Walking or cycling to 
school (N = 289)
With car or bus to 
school (N = 233)
p-value
Total study population
Number (%) 289 (55.4%) 233 (44.6%) < 0.001
Underweight 9.0% 11.1% 0.60
Normal weight 71.3% 66.4% 0.24
Overweight 15.0% 17.3% 0.48
Obesity 4.7% 5.2% 0.06
Overweight + obesity 19.7% 22.5% 0.45
Reference study group
Number (%) 142 (49.5%) 145 (50.5%) 0.80
Underweight 6.2% 7.0% 0.77
Normal weight 69.7% 62.1% 0.16
Overweight 16.5% 23.2% 0.62
Obesity 7.6% 7.7% 0.96
Overweight + obesity 24.1% 29.9% 0.19
Food study group
Number (%) 126 (64.9%) 68 (35.1%) < 0.001
Underweight 14.7% 12.7% 0.70
Normal weight 69.1% 73.8% 0.49
Overweight 14.7% 9.5% 0.28
Obesity 1.5% 5.0% 0.34
Overweight + obesity 16.2% 13.5% 0.61
Science study group
Number (%) 20 (48.8%) 21 (51.2%) 0.83
Underweight 5.0% 19.0% 0.17
Normal weight 90% 57.2% 0.018
Overweight 5.0% 23.8% 0.09
Obesity 0.0% 0.0% -
Overweight + obesity 5.0% 23.8% 0.09
Tab. V. Distribution of the physical condition in four classes based on the Ruffier test for the total study population and for the three study 
groups.
Total study population 
(N = 522)
Reference study group 
(N = 287) 
Food study group 
 (N = 194)
Science study group  
(N =41)
Good 10.4% 9.6% 12.2% 4,5%
Moderate 51.5% 50.3% 52.7% 51,3%
Insufficient 30.1% 32.1% 28.0% 32.7%
Bad 8.0% 8.0% 7.1% 11.5%
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Discussion
Prevalence of weight disorders
There is no scientific doubt about the increased preva-
lence of overweightness and obesity among young peo-
ple in recent decennia. According to the national HIS 
of 2013, not less than 20% of young people between 
2 and 17 years of age were overweight, and 7% were 
obese [13]. Compared to the previous HIS, the rates have 
increased clearly.
This study shows a prevalence of overweightness and 
obesity of 20% and 8% respectively in an age group be-
tween 8 and 18 years of age. It is difficult to compare 
these figures with other studies, because of the differ-
ence in age groups between the studied populations. 
However, these percentages seem to be similar to the 
HIS of 2013.
The 2012 surveillance study in the seven European 
countries (see supra), also showed alarming figures, es-
pecially for the southern European countries [12]. Other 
studies in France, the UK and the US, show similar in-
creases of overweightness.
The achieved figures show that the situation is worrying 
and requires an urgent intervention. This is especially 
important because childhood obesity eventually contrib-
utes to the epidemic of obesity in adults.
We initially hypothesized that we would find more per-
sons with overweightness and obesity in the food group, 
and less in the science group. As the food fair is rather 
focused on the gastronomic aspects of food and less 
on healthy food, we assumed that children (and their 
parents) who attend the food fair would focus less on 
healthy food than children with an interest in science. 
We assumed that the latter would have a better knowl-
edge about healthy food. Better nutritional knowledge 
was correlated with lower body weight in Mexican wom-
en with a low socioeconomic level [25]. In high-school 
students, a better nutritional knowledge increased their 
self-concept and self-efficacy in order to adopt healthy 
behaviours  [26]. However, the proportion of children 
with overweightness and obesity was lower in the food 
and science groups, as compared to the reference group. 
Probably some selection bias is involved. For the ref-
erence group, almost all visiting schoolchildren partici-
pated in the study. For the food and science groups it 
was easier for the children to refuse participation. It is 
possible that more children with overweightness refused 
participation because of their potential awareness of the 
problem.
Age, weight and height were higher in the food group. 
Most likely, the higher weight and height are related to 
the higher age.
The causes for the obesity pandemic are well known: 
bad dietary habits, too little physical exercise, eating dis-
orders, and heritability. Before the eighties, overweight-
ness was not an issue, because most people grew up dur-
ing or just after the Second World War. The lack of food 
resulted in a kind of “protective underweightness”. But 
the generation of young people growing up in the eight-
ies never knew the issue of lack of food. Since 1988, up 
until today, the proportion of people with overweight-
ness has doubled.
However, the Second World War was not the only “fac-
tor” in this growing health problem. Since the eighties, 
the price of food decreased, the amount of food advertis-
ing increased, fast food restaurants appeared, more peo-
ple had sedentary jobs, and more people owned comput-
ers and televisions, all resulting in less physical activity. 
Moreover, more households had two-person jobs and 
incomes, that resulted in an increased number of restau-
rant visits.
The problem of overweightness appeared together with 
the increased welfare, and is for that reason a lifestyle 
disease.
Effect of physical activity on overweightness
Not less than 64% of the participants in our study were 
member of a sports club. These children had significant-
ly less weight disorders. Especially children with obe-
sity were not member of a sports club. For those with 
overweightness, no significant difference was observed. 
We cannot conclude that membership of a sports club 
protects against obesity, but we can conclude that those 
who have the greatest benefit in physical activity are not 
subscribed in a sports club. Probably the activities in the 
sports club are not adapted to children with obesity. It 
would most likely be helpful should sports clubs make 
Tab. VI. Multivariable logistic regression for variables predicting overweight or obesity in the total study population and for the three study 
groups.
Significance Exp(B) Lower 95% CI Upper 95% CI
Total study population
No significant independent variables
Reference study group
Older age 0.046 1.138 1.002 1.292
Poor Ruffier test 0.038 1.406 1.018 1.940
Sports study group
No significant independent variables
Science study group
No significant independent variables
The logistic regression included age, sex, membership of a sports club, transportation to school and Ruffier test results as 
independent variables
INFLUENCES ON WEIGHT DISORDERS IN CHILDREN
E111
more efforts to provide adapted programs for children 
(and adults) with obesity. 
We found no association between weight disorders, 
and the transportation method to school. The distance 
between the homes of the children and the schools in 
Belgium is quite short on the whole, and probably not 
lengthy enough to have any effect on weight.
Neither did we find an association between the physical 
condition on one hand, and the membership to a sports 
club or the transportation method to school on the other 
hand. We are aware that the Ruffier test is not the most 
sophisticated test to detect small differences and asso-
ciation of this kind [27]. However, weigh disorders were 
associated with a poor Ruffier test and older age in the 
logistic regression.
The comparative study of the seven European countries 
showed that children from the countries with the highest 
proportion of overweightness and obesity (Greece and 
Hungary) had the lowest physical activity and watched 
more television than other children [12].
The amount of physical exercise is an important meas-
urement for the prevention of overweightness and obe-
sity, both in children and adults [28-30]. Physical activ-
ity improves physical fitness, weight and health in some 
studies but not in all [31]. However, it reduces the risk of 
various diseases (cardiovascular diseases, obesity, dia-
betes, osteoporosis) [1, 2]. Even in obese adolescents, a 
program promoting physical activity may help to reduce 
body weight [31].
There is an international consensus that children and 
adolescents must have at least one hour of daily mod-
erate to intense physical activity. Moreover, they need 
more thorough exercise, at least three times a week, to 
improve bone quality and muscle strength [33].
A Cochrane meta-analysis of 55 studies evaluated the 
effectiveness of various preventive interventions for obe-
sity in children. Regular physical activity was one of the 
most important actions to prevent it [15].
Some countries already started in the early nineties with 
prevention programs. The EPODE (Ensemble Prévenons 
l’Obésité des Enfants) project was launched by the uni-
versity of Lille in 1992 [34]. The EPODE project con-
sisted of various activities in the community, at school, 
or in the family, and is based on providing information 
about healthy food and exercises, involving parents, 
professionals and the villagers. In 2004, the project was 
evaluated favorable and implemented in several other 
countries such as Belgium, Spain, Greece and Australia. 
The JOGG project (Jongeren op Gezond Gewicht) was 
based on the French EPODE project [35].
Strengths and limitations of the research 
The main strength of the study is the use of a representa-
tive sample of the young population in Belgium.
In other studies, attention was paid to the difference be-
tween girls and boys. In our research, we did not con-
sider these differences as a research question.
To determine the physical condition of children, the 
Ruffier test was used. In the literature only few data are 
available on the reliability of this test [24]. However, this 
test is widely used and practical to estimate the physical 
condition. It has the advantage of being simple, fast, and 
reproducible. It requires no special material and can be 
used both for children and adults.
We did not identify what types of sporting activity was 
carried out, and at what frequency it was performed. This 
seems to be of great importance, because there exists a 
clear dose-response relationship between the intensity of 
physical activity, and health benefits [3, 4, 35, 36]. Some 
bias may exist, because some children were not (or no 
longer) member of a sports club, but they may practice 
regular physical activity for example by cycling, jogging 
or swimming outside the regime of a sports club.
The origin of the participants was not taken into account 
in our research. There was an important proportion of 
children of non-European origin (Moroccan, Turkish, 
South African...). Genetic and cultural differences, such 
as eating habits, play an important role in the develop-
ment of overweightness and obesity in children. Using 
the Flemish growth curves is controversial in this popu-
lation segment, because the prevalence of obesity among 
young non-European residents is almost twice as high as 
among the Flemish youth. In the Netherlands, specific 
growth curves are developed for children of Turkish and 
Moroccan origin [37].
We did not use the international growth curves, because 
the local ones are better adapted to the Belgian situation.
Conclusions 
The prevalence of overweightness and obesity in chil-
dren aged 8 to 18 years of age, remains high. Member-
ship to a sports club was significantly linked to having a 
normal weight and a lower prevalence of overweightness 
and obesity. The mode of transportation to school was 
not associated with their BMI. There was also no sig-
nificant association between the exercise habits of these 
children, and their physical condition. However, a poor 
Ruffier test was associated with an increased BMI.
Acknowledgments
The authors would like to thank David Proot for the Eng-
lish language editing and the Brussels Food Fair and Na-
tional Science Day for giving the opportunity to collect 
our data.
The authors declare no competing interest.
Authors’ contributions
AF: conception, design, analysis and interpretation of 
data, drafting of the manuscript and final approval of 
the version submitted. EV: conception, design, analysis 
and interpretation of data, drafting of the manuscript and 
final approval of the version submitted. IVR: analysis 
and interpretation of data, drafting of the manuscript and 
final approval of the version submitted. DD: conception, 
A. FAIK ET AL.
E112
design, analysis and interpretation of data, drafting of 
the manuscript  and final approval of the version submit-
ted.
References
[1] Van Grieken A, Renders MR, Wijtzers AI, Hirasing RA, Raat 
H. Overweight, obesity and underweight is associated with 
psychosocial and physical health outcomes among 7-year-old 
children: the ‘be active, eat right’ study. PLoS One 2013;8. 
[2] Friedemann C, Heneghan C, Mahtani K, Thompson M, Perera 
R, Ward A. Cardiovascular disease risk in healthy children and 
its association with body mass index: systematic revieuw and 
meta-analysis. BMJ 2012;345:e4759.doi:10.1136/bmj.e4759.
[3] Bailey DP, Boddy LM, Savory LA, Denton SJ, Kerr CJ. Choice 
of activity-intensity classification thresholds impacts upon ac-
celerometer-assessed physical acivity-health relationships in 
children. PLoS One 2013;8. doi: 10.1371/journal.pone.0057101
[4] Oude Luttikhuis H, Baur L, Jansen H, Shrewsbury VA, O’Malley 
C, Stolk RP, Summerbell CD. Interventions for treating obesity 
in children. Cochrane Database of Systematic Reviews. Availa-
ble from: http://onlinelibrary.wiley.com/doi/10.1002/14651858.
CD001872.pub2/abstract.
[5] Population-based approaches to childhood obesity prevention. 
World Health Organization 2012 . http://apps.who.int/iris/bitstr
eam/10665/80149/1/9789241504782_eng.pdf
[6] Wijnhoven TM, van Raaij JM, Sjöberg A, Eldin N, Yngve A, 
Kunešová M, et al. WHO European Childhood Obesity Sur-
veillance Initiative: School nutrition environment and body 
mass index in primary schools. Int J Environ Res Public Health 
2014;11(11):11261-85.
[7] Growing up unequal. HBSC 2016 study (2013/2014 survey): 
Edited by: Jo Inchley, Dorothy Currie, Taryn Young, Oddrun 
Samdal, Torbjørn Torsheim, Lise Augustson, Frida Mathison, 
Aixa Aleman-Diaz, Michal Molcho, Martin Weber and Vivian 
Barnekow. Health Policy for Children and Adolescents, No. 7, 
2016.
[8] Vereecken CA, Maes L, De Bacquer D. The influence of pa-
rental occupation and the pupils’ educational level on lifestyle 
behaviors among adolescents in Belgium. J Adolesc Health 
2004;34(4):330-8.
[9] Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a 
standard definition for child overweight and obesity worldwide: 
international survey. BMJ 2000;320:1240-3.
[10] Jeffery RW, Sherwood NE. Is the obesity epidemic exagger-
ated? No. BMJ 2008;336(7638):245.
[11] Stamatakis E, Zaninotto P, Falaschetti E, Mindell J, Head J. 
Time trends in childhood and adolescent obesity in England 
from 1995 to 2007 and projections of prevalence to 2015. J Epi-
demiol Community Health 2010;64(2):167-74.
[12] Brug J, van Stralen MM, Te Velde SJ, Chinapaw MJ, De Bour-
deaudhuij I, Lien N, Bere E, Maskini V, Singh AS, Maes L, 
Moreno L, Jan N, Kovacs E, Lobstein T, Manios Y. Differences 
in weight status and energy-balance related behaviors among 
schoolchildren across Europe: the ENERGY-project. PLoS One 
2012;7(4):e34742.
[13] Gisle L, Demarest S. (ed.) Gezondheidsenquête 2013. Rapport 
2: Gezondheidsgedrag en leefstijl. Samenvatting van de onder-
zoeksresultaten D/2014/2505/71.
[14] Fletcher GF, Blair SN, Blumenthal J,aspersen C, Chaitman 
B, Epstein S, Falls H, Froelicher ES, Froelicher VF, Pina IL. 
AHA medical/scientific statement on exercise. Circulation 
1992;86:340-4.
[15] Soga M, Gaston KJ, Yamaura Y. Gardening is beneficial for 
health: A meta-analysis. Prev Med Rep 2016;5:92-9.
[16] Simon C, Kellou N, Dugas J, Platat C, Copin N, Schweitzer 
B, Hausser F, Bergouignan A, Lefai E, Blanc S. A socio-eco-
logical approach promoting physical activity and limiting sed-
entary behavior in adolescence showed weight benefits main-
tained 2.5 years after intervention cessation. Int J Obes (Lond) 
2014;38:936-43.
[17] Waters E, de Silva-Sanigorski A, Burford B, Brown T, Campbell 
KJ, Gao Y, Armstrong R, Prosser L, Summerbell CD. Interven-
tions for preventing obesity in children. Cochrane Database of 
Systematic Reviews. Available from: http://onlinelibrary.wiley.
com/doi/10.1002/14651858.CD001871.pub3/abstract
[18] Eettest voor jongeren. Stichting Voedingscentrum Nederland, 
Den Haag, The Netherlands. http://www.voedingscentrum.nl/
nl/mijn-kind-en-ik/eettest.aspx
[19] Roelants M, Hauspie R. Vlaams Groeicurven 2004, Laborato-
rium voor Antropogenetica, Vrije Universiteit Brussel. http://
www.vub.ac.be/groeicurven  
[20] Fletcher GF, Blair SN, Blumenthal J, et al. AHA medical/scien-
tific statement on exercise. Circulation 1992;86:340-4.
[21] World Health Organization. Physical status: the use and inter-
pretation of anthropometry. Report of a WHO Expert Commit-
tee. World Health Organ Tech Rep Ser 1995;854:1-452.
[22] Garrow JS, Webster JD. Quetelets index (W/H 2 ) as a measure 
of fatness. Int J Obes Relat Metab Disord 1985;9:147-53.
[23] Dietz WH, Robinson TN. Use of the body mass index as a 
measure of overweight in children and adolescents. J Pediatr 
1998;132:191-3.
[24] Dickson J. Utilisation de l’indice cardiaque de Ruffier dans le 
contrôle médico-sportif. Med Educ Phys Sport 1950;2:65.
[25] Galindo Gómez C, Juárez Martínez L, Shamah Levy T, Gar-
cía Guerra A, Avila Curiel A, Quiroz Aguilar MA. Nutritional 
knowledge and its association with overweight and obesity in 
Mexican women with low socioeconomic level. Arch Latinoam 
Nutr 2011;61(4):396-405.
[26] Rabiei L, Sharifirad GR, Azadbakht L, Hassanzadeh A. Under-
standing the relationship between nutritional knowledge, self-
efficacy, and self-concept of high-school students suffering from 
overweight. J Educ Health Promot 2013;2:39.
[27] Warburton DER, Nicol CW, Bredin SSD. Health benefits of 
physical activity: the evidence. CMAJ 2006;174(6):801-9.
[28] Raistenskis J, Sidlauskiene A, Cerkauskiene R, Burokiene S, 
Strukcinskiene B, Buckus R. Physical activity and sedentary 
screen time in obese and overweight children living in different 
environments. Cent Eur J Public Health 2015;23 Suppl:S37-43.
[29] Herman KM, Sabiston CM, Mathieu ME, Tremblay A, Paradis 
G. Sedentary behavior in a cohort of 8- to 10-year-old children 
at elevated risk of obesity. Prev Med 2014;60:115-20.
[30] Stone MR, Faulkner GE. Outdoor play in children: associations 
with objectively-measured physical activity, sedentary behavior 
and weight status. Prev Med 2014;65:122-7.
[31] Prentice-Dunn H, Prentice-Dunn S. Physical activity, sedentary 
behavior, and childhood obesity: a review of cross-sectional 
studies. Psychol Health Med 2012;17(3):255-73.
[32] Ruotsalainen H, Kyngäs H, Tammelin T, Kääriäinen M. Sys-
tematic review of physical activity and exercise interventions on 
body mass indices, subsequent physical activity and psychologi-
cal symptoms in overweight and obese adolescents. J Adv Nurs 
2015;71(11):2461-77.
[33] Borys JM, Le Bodo Y, Jebb SA, Seidell JC, Summerbell C, 
Richard D, De Henauw S, Moreno LA, Romon M, Visscher TL, 
Raffin S, Swinburn B; EEN Study Group. EPODE approach for 
childhood obesity prevention: methods, progress and interna-
tional development. Obes Rev 2012;13(4):299-315.
[34] Romon M, Lommez A, Tafflet M, Basdevant A, Oppert JM, 
Bresson JL, Ducimetière P, Charles MA, Borys JM. Downward 
trends in the prevalence of childhood overweight in the setting 
of 12-year school- and community-based programmes. Public 
Health Nutr 2009;12(10):1735-42.
INFLUENCES ON WEIGHT DISORDERS IN CHILDREN
E113
[35] Meyer U, Schindler C, Zahner L, Ernst D, Hebestreit H, Van 
Mechelen W, Brunner-La Rocca H-P, Probst-Hensch N, Puder 
JJ, Kriemler S. Effect of school-based physical activity pro-
gramme (KISS) on fitness and adiposity in primary schoolchil-
dren: cluster-randomised controlled trial. BMJ 2010;340:c785. 
doi:10.1136/bmj.c785.
[36] Riddoch CJ, Leary SD, Ness AR, Blair SN, Deere K, Mattocks 
C, Griffiths A, Smith GD, Tilling K. Prospective associations 
between objective measures of physicalactivity and fat mass in 
12-14 year old children: the Avon longitudinal study of parents 
and children (ALSPAC). BMJ 2009;339:b4544.
[37] Schönbeck Y, van Dommelen P, HiraSing RA, van Buuren S. 
Trend in height of Turkish and Moroccan children living in the 
Netherlands. PLoS One 2015;10(5):e0124686.
n Received on July 27, 2016. Accepted on March 16, 2017.
n Correspondence: Dirk Devroey, Vrije Universiteit Brussel (VUB), 
Head of the Dept of Family Medicine and Chronic Care, Laar-
beeklaan 103, B-1090, Brussels, Belgium - Tel. +32 2 477.43.11 - 
Fax +32 2 477.43.01 - E-mail: dirk.devroey@vub.ac.be
Appendix 1
Questionnaire
What is your gender? O  Man  O Woman
What is your postal code?  ____________
What is your year of birth? ____________
How would you rate your health on a scale from 1 to 100 where 1 corresponds to “very poor” and 100 “very good”? 
Put a cross on the line.
1----------------------------------------------------------------------------------------100
Weight:  _______ kg
Height: _______ cm
Abdominal circumference: _______ cm
Blood pressure: _______ /_______ mmHg
Are you affiliated with a sports club? O   Yes O   No O   Don’t know
Did you have some sweats yesterday? O   Yes O   No O   Don’t know
Did you have some soft drinks yesterday? O   Yes O   No O   Don’t know
Did you have breakfast yesterday? O   Yes O   No O   Don’t know
Did you have dinner yesterday? O   Yes O   No O   Don’t know
Did you have supper yesterday? O   Yes O   No O   Don’t know
Did you have some vegetables yesterday? O   Yes O   No O   Don’t know
Did you have some fruit yesterday? O   Yes O   No O   Don’t know
Did you have some meat yesterday? O   Yes O   No O   Don’t know
Did you have some bread yesterday? O   Yes O   No O   Don’t know
Did you have some milk or yoghurt yesterday? O   Yes O   No O   Don’t know
How do you usually go to school? O   By bus or car O   On foot or by bicycle
